ABSTRACT The objectives were to compare the effects of an antibiotic-free (ABF) program in commercial broiler chicken flocks using a live non-attenuated coccidiosis vaccine on fecal Eimeria spp. excretion and growth performances with those of conventionally raised commercial broiler chicken flocks. Fecal samples were collected every 3 d from 7 d of age to slaughter in 44 flocks of 7 participating farms for oocyst counts by the McMaster method. A live non-attenuated anticoccidial vaccine was administered by spray cabinet at the hatchery in ABF flocks only. Shuttle programs in conventional flocks consisted of in-feed chemical anticoccidials from 0 to 20 d of age, followed by polyether ionophores until slaughter. In-feed antibiotic growth promoters were included from the starter to finisher diets in conventional flocks only. Age of the flock at the oocyst excretion peak (AGE PEAK) and the number of oocysts at that excretion peak (OPG PEAK) were recorded. There was a significant difference of 2.7 d (P = 0.0001) for the AGE PEAK, from 26.4 d in the conventional treatment to 23.7 d in the ABF program. There was no significant difference for the OPG PEAK between the 2 treatments (P = 0.626). There was a significant decrease of 2.28 g in the average daily gain (P = 0.004) and increase of 0.08 for the feed conversion ratio (P < 0.0001) in the ABF program compared to the conventional program. There were no significant differences for body weights at slaughter (P = 0.0563), livability (P = 0.2694), and condemnations (P = 0.6775). From this study, it can be concluded that an ABF program using a live non-attenuated vaccine will show an earlier oocyst excretion peak compared to a shuttle program, but no significant effect was observed on the total number of oocysts at that excretion peak between the 2 programs.
INTRODUCTION
Consumers' demand for antibiotic-free (ABF) chickens puts pressure on the poultry industry to increase the availability of these products. The definition of an ABF chicken differs between legislations. In Canada, ABF chickens are grown without the antibiotics commonly used to prevent coccidiosis (e.g., polyether ionophores) and necrotic enteritis (CFIA, 2016) . Conventionally raised broiler chickens have access to polyether ionophores and antibiotics classified as low to high importance antibiotics for human medicine based on the WHO classification (WHO, 2017) . It is common in ABF chicken production to use a live non-C 2018 Poultry Science Association Inc. Received November 8, 2017. Accepted April 10, 2018. 1 Corresponding author: martine.boulianne@umontreal.ca attenuated coccidiosis vaccine administered by spray cabinet at the hatchery. Flock protection against coccidiosis is then provided by the chickens' immunization against these vaccine strains, which offers protection during the grow-out from potentially more harmful resident coccidia (Peek and Landman, 2011; Witcombe and Smith, 2014; A. Ahmad et al., 2016) . Controlling coccidiosis in ABF flocks protects chickens from the negative impacts of that disease on health and performances (Rodgers et al., 2015; Rochell et al., 2016) . It also helps to control necrotic enteritis, caused by Clostridium perfringens, since coccidiosis is reported as a major risk factor for the development of this disease (Al-Sheikhly and Al-Saieg, 1980; Williams et al., 2003; Rodgers et al., 2015; Moore, 2016) . Understanding the differences between conventional and ABF control programs for coccidiosis is therefore important to monitor and mitigate the effects of this disease. This article focuses on the comparison of 2 prevention programs on Eimeria Farm  flocks  flocks   1  4  4  2  3  3  3  3  3  4  1  1  5  3  3  6  4  4  7  4  4   Total  22  22 spp. excretion in flocks where fecal material was recovered for oocyst counts during rearing. The objectives of this article are to compare the effects of an ABF program using a live non-attenuated coccidiosis vaccine on fecal Eimeria spp. excretion and growth performances to those of commercial broiler chicken flocks compared to conventional rearing.
MATERIALS AND METHODS

Study Design
All experimentations with live bird use were authorized by the Ethical Committee of the Faculty of Veterinary Medicine, Université de Montréal ("Comité d'éthique de l'utilisation des animaux"). Fecal samples were obtained from 44 male flocks of 7 participating farms during a study conducted in 2011 comparing ABF commercial broiler chicken flocks to conventional flocks (Gaucher et al., 2015) . There were 22 ABF flocks from 7 houses and the equal number of flocks were raised and paired as controls in adjacent houses on the same farms, for a total of 14 houses under study (Table 1) . Placement date, hatchery, feed mill, and slaughterhouse were identical for paired flocks. Used litter was removed and replaced with fresh bedding between each flock in all houses. Antibiotic-free flocks did not use antibiotics, polyether ionophores, or chemical anticoccidials in the feed or drinking water during the grow-out. A live non-attenuated anticoccidial vaccine (Coccivac B, Schering Plough, Kenilworth, NJ) was administered by spray cabinet as per the manufacturer's instructions at the hatchery for coccidiosis control. Shuttle programs in conventional flocks were used for the control of coccidiosis and necrotic enteritis, and consisted of in-feed chemical anticoccidials until 20 d of age followed by polyether ionophores until slaughter (Supplemental material). Infeed antibiotic growth promoters were included from the starter to finisher diets in conventional flocks only. Anticoccidial and antibiotic products seasonal rotations in conventional houses were performed as a common procedure in the industry to avoid resistance development.
Oocysts Fecal Counts
All flocks were sampled every 3 d, starting at 7 d of age until the end of the grow-out period. One pooled sample of fecal content was taken per time point in each flock, consisting of 20 to 25 fresh fecal droppings evenly distributed in the house. A total of 44 samples per sampling day, 22 from conventional flocks and 22 from ABF flocks, were collected in this study. Fecal droppings were recovered in a Whirlpak bag and stored immediately at 4
• C until processing for oocyst counts. In accordance with the procedures of the Faculty of Veterinary Medicine parasitology diagnostic laboratory, a slightly modified McMaster technique was used to count the total oocysts per gram of fecal content (OPG) from each sample. After homogenization of the pooled sample, 10 g of fecal content were weighed and mixed with 100 mL of water. The mixture was stored at 4
• C for 24 h, and then filtered with a sieve. The filtrate (15 mL) was transferred in a Falcon tube to be centrifuged at 1500 rpm for 10 min. The pellet was resuspended in 5 mL of 35.5% NaCl solution, vortexed, and the solution was transferred to a 50 mL becher. Two additional rinses with 5 mL of the salt solution were performed to recover all oocysts in the tube. A Pasteur pipette was used to fill a McMaster chamber (Partnar Animal Health, Ilderton, Ontario, Canada) with the homogenized solution. Readings were performed 1 min after filling the chamber. All oocysts in the limits of each chamber were recorded. To express the results in OPG, the following formula was used: OPG = (Oocyst counts in chamber 1 + Oocyst counts in chamber 2)/2 × 66.6. Identification of coccidia species in the samples according to their size was not performed during this study.
Oocyst Excretion Curves
Once the oocyst counts were completed for all fecal samples, OPG excretion curves were built to evaluate the influence of the treatment (ABF or conventional) on oocyst excretion curves (Figure 1 ). Mean log10 OPG with the associated standard error for each sampling day for the 44 flocks were calculated by treatment to determine the average number of oocysts excreted in fresh droppings per day. For the statistical analysis, 2 parameters were recorded in each flock: age of the flock at the oocyst excretion peak (AGE PEAK) and the number of oocysts at that excretion peak (OPG PEAK). The oocyst excretion peak is defined as the age where the OPG value is maximal within a flock.
Flocks Performances
Performances data of the 44 flocks under study were retrieved from the slaughterhouses. Mean bodyweight, average daily gain, feed conversion ratio, percentage livability, and percentage of condemnations were recorded for every flock. 
Statistical Analysis
The flock was considered as the experimental unit. All statistical analyses were carried with R statistical software (R Core Team, 2017) using the nlme package (Pinheiro et al., 2017) and the function lme to build mixed linear regression models with the restricted maximum likelihood approach for coefficients estimation. Coefficients with a P-value ≤ 0.05 were considered significant. Two different models were built separately for the outcomes AGE PEAK and OPG PEAK. To improve model fit, OPG PEAK was log-transformed in base 10. For performances analysis, five different models were built with the outcomes: bodyweight at slaughter, average daily gain, feed conversion ratio, percentage of livability, percentage of condemnations. For all models, treatment was included as a fixed effect and the farm was considered as a random effect. Models validity were assessed by the visual inspection of quantile-quantile plots for normality and by scatter plots of the residuals as a function of the adjusted outcome values for homoscedasticity.
RESULTS AND DISCUSSION
The objectives were to compare the effects of an ABF program in commercial broiler chicken flocks using a live non-attenuated coccidiosis vaccine on fecal Eimeria spp. excretion and growth performances with those of conventionally raised commercial broiler chicken flocks. Results showed significant fecal oocyst counts differences between the 2 groups with earlier oocysts per gram (OPG) counts in the live non-attenuated vaccine group (Figure 1) . The mixed linear regression model showed a significant difference of 2.7 d (P = 0.0001) between the average flock age at the oocyst excretion peak of the 2 treatments, from 26.4 d in the conventional treatment to 23.7 d in the ABF program (Table 2) . These results in vaccinated ABF flocks are comparable to other studies with different vaccines, where a peak in the litter was measured around 25 d of age (Williams et al., 1999; Williams and Gobbi, 2002) . In the conventional flocks, the peak at 26.7 d is in concordance with a study realised by Chapman et al. (2016) , but other studies with comparable shuttle programs showed no peak during the grow-outs (Williams and Gobbi, 2002) or a peak around 35 d of age (Williams and Gobbi, 2002) . From these studies, vaccination appears to achieve an uniform age at OPG peak whereas flocks raised using a shuttle program seems to have a more heterogenous age at OPG peak. As coccidia can develop resistance against chemical anticoccidials and ionophores, it is possible that the coccidial populations within the farms from these studies showed different levels of resistance to the various anticoccidial products used, leading to fluctuating oocyst peaks. The more uniform and standard age at peak for the vaccinated groups across studies may be an indication that the immunity provided by the live nonattenuated coccidial vaccine is similar between broiler chicken flocks.
There was a significant decrease of 2.28 g in the average daily gain (P = 0.004) and increase of 0.08 for the feed conversion ratio (P < 0.0001) in the ABF program compared to the conventional program (Table 3 ). There were no significant differences between the 2 treatments for body weights at slaughter (P = 0.0563), livability (P = 0.2694), and condemnations (P = 0.6775). Coccidiosis is known to negatively affect growth performances in broiler chicken flocks by decreasing the absorptive capability of the intestines (Rochell et al., 2016) . This decreased absorption is caused by enterocytes infection by the coccidia and this relation is dose-dependent, meaning that a higher infective dose is associated with decreased performances (Rochell et al., 2016) . In this study, the OPG counts at peak in the fecal content were not different (P = 0.626) between ABF and conventional flocks (Table 2 ). The conventional group under a shuttle program showed a total of 4.56 log10 OPG compared to 4.54 log10 OPG for the ABF group. Because of the asymmetric distribution of the residuals of the OPG peak parameter in this study, non-transformed values for this outcome could not be used for analysis. These logarithmic values correspond to approximately 35,000 OPG, which are peaks comparable to other studies showing peaks between 20,000 and 40,000 OPG in most flocks using a vaccine or a shuttle program (Williams et al., 1999; Williams and Gobbi, 2002; Chapman et al., 2016; Jenkins et al., 2017) . However, these studies also show, in some flocks using a shuttle program, an OPG peak over 60,000, which may be related to resistance to anticoccidial products. The ABF program showed decreased performances compared to the shuttle program, but an effect of the excretion peak on performances could not be assessed. Indeed, other factors such as preventive use of antibiotics (Supplemental material) and incidence of necrotic enteritis (data not shown) in the flocks were different between treatments and these variables are reported to negatively affect growth performances (Gaucher et al., 2015) .
Environmental temperature and relative humidity were recorded continuously in all flocks during the study (data not shown). These parameters were uniform between paired flocks, i.e., temperature and relative humidity did not show differences for flocks raised at the same time for a same age on each participating farm. These similarities may be due to the identical houses management under the same external weather. For this reason, seasonality was not included in the analyses as its influence for the comparisons between treatments was negligible. Mean litter humidity was not statistically different at 3 wk of age, but a statistically higher litter humidity at slaughter age was measured in ABF flocks compared to conventional flocks (Gaucher et al., 2015) . Indeed, the mean litter humidity at slaughter age was 39.99% in ABF flocks compared to 35.73% in conventional flocks. This was most likely due to an altered digestive function as shown by the higher incidence of clinical necrotic enteritis and subclinical enteritis in ABF flocks (Gaucher et al., 2015) . These problems may have been exacerbated by the presence of coccidiosis and the oocyst peak, but the present data were insufficient to study the interactions between the oocyst excretion peak and the incidence of necrotic enteritis or subclinical enteritis.
Because antibiotic feed additives used to prevent necrotic enteritis are prohibited in ABF production, control of risk factors is essential for the success of an ABF program. As coccidiosis is considered a major risk factor, it is of foremost importance to understand Eimeria spp. infection and immunization process in ABF flocks to control intestinal health. The oocyst excretion peak may be a key factor related to chickens' performances and incidence of necrotic enteritis in ABF flocks, but data available from this study could not evaluate these outcomes due to a low number of flocks evaluated. It is not excluded that the oocyst excretion peak could play a role in the incidence of necrotic enteritis by favoring clostridial proliferation, hence the disease. More information is still needed to fully understand the implications of Eimeria spp. cycling on ABF flocks' performances and health. From this study, it can be concluded that an ABF program using a live nonattenuated vaccine showed an earlier oocyst excretion peak compared to a shuttle program, but no significant effect on the total number of oocysts at that excretion peak was observed between the 2 programs.
SUPPLEMENTARY DATA
Supplementary data are available at Poultry Science online.
Supplemental material. Anticoccidial drugs and antibiotics used in the 7 conventional broiler chicken houses during the study.
